A new derivative of tacrolimus was evaluated for its molecular weight, using LC-MS of the tacrolimus bulk active pharmaceutical ingredient (API) recovered through the purification of crude tacrolimus produced by Streptomyces clavuligerus CKD-1119. In addition, the molecular weight of the new derivative of tacrolimus was found to be at m/z 818 and was identified by 13 C-NMR with peak assignments based on the differences in methyl group location resulting from the chemical structure. The structure of the new derivative, an unknown impurity of tacrolimus, was found to be 18-methyltacrolimus through comparison of the spectral data of the structural differences between ascomycin, tacrolimus, and the new derivative 18-methyltacrolimus.
Introduction
Tacrolimus (FK506) is a well-known potent immunosuppressant that is widely used in solid organ transplant patients for nearly 2 decades. 1, 2 Tacrolimus is a 23-membered macrolide polyketide with very high immunosuppressive activity that was initially discovered in 1984 from the fermentation broth of the soil bacterium Streptomyces tsukubaensis by Fujisawa Healthcare Co. 3 It was first approved by the Food and Drug Administration (FDA) in 1994 for use in the transplantation of the liver, bone marrow, and other organs. 4 A bulk active pharmaceutical ingredient (API) should pass not only quality control test such as current good manufacturing practice (cGMP) but also should qualify for the specified threshold of a new impurity. Considering all these factors the control of impurities in pharmaceuticals is further open for isolating and identifying process-related impurities using mass spectrometry, nuclear magnetic resonance (NMR), high-performance liquid chromatography (HPLC) techniques to gain insight in the related field of the pharmaceutical industry. 5 Hence, we present the structural analysis of new derivative as an unknown impurity and it is very difficult to isolate due to their similar chemical structures [5] [6] [7] from the tacrolimus bulk API recovered through the purification of crude tacrolimus during the fermentation of tacrolimus, the producing strain, Streptomyces clavuligerus CKD-1119, also produces ascomycin and dihydrotacrolimus. Chemical structure of tacrolimus and its related compounds is presented in Fig. 1 . A number of liquid chromatography (LC) methods for quantifying macrolide immunosuppressants with ultraviolet (UV) or mass spectrometry (MS) detection have been reported. 6,-10 An impurity profile is a description of the identified and unidentified impurities present in a typical batch of API produced through a specific controlled production process. It includes the identity or some qualitative analytical designation (e.g., retention time), the range, and the type of each identified impurity. For each API, there should be an impurity profile describing the identified and unidentified impurities present in a typical batch. The impurity profile is normally dependent on the process or origin of the API.
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A number of recent articles describe a designed approach and guide for isolating and identifying process-related impurities and degradation products via MS, nuclear magnetic resonance (NMR), high-performance liquid chromatography (HPLC), and tandem MS for pharmaceutical substances. 12,-14 In general, according to the International Conference on Harmonization (ICH) guidelines on impurities in new drug products, the identification of impurities below 0.1% is not considered necessary unless the potential impurities are expected to be unusually potent or toxic. In all cases, the impurities should be qualified. NMR spectrometer (advance NMR spectrometer, Bruker, 400 MHz) was used with 1 H, 13 C nucleous and chloroform-d were used as dissolution solvents. To establish the analytical conditions of the unknown derivative powder (purity: 90%, 15 mg), the previous studies on structural analysis were used as reference. 6, 7 Results and Discussion Fig. 3 to be 818 (Fig. 5 ) The molecular weight of the unknown impurity was obtained through the analysis of tacrolimus, where the difference in molecular weight was predicted to be 14, as was evident. Therefore, in this article report, it was expected that only the CH2 (m/z 14) group could be combined with the tacrolimus analogue; its methyl derivative was determined to be C 45 H 71 NO 11 . NMR Analysis of Tacrolimus and Ascomycin. The unknown tacrolimus impurity is similar to the fermentation products tacrolimus and ascomycin. The structures of these 2 compounds were identified and compared via NMR spectroscopy. The NMR data of tacrolimus and ascomycin have been published in previous papers. 6 Sample analysis was performed with CHCl 3 -d solvent conditions.Ascomycin, an active tacrolimus analog in which the C21 allyl group is replaced by an ethyl group, is produced mainly by the fermentation of the streptomycetes strain. To confirm the differences between the 3 compounds, NMR analysis was performed so that values could be assigned to tacrolimus and ascomycin in the NMR spectra.
LC-MS Analysis of an Unknown Impurity. A total ion chromatogram of the unknown impurity by LC-MS is shown in
Analysis of the Unknown Impurity Structure. Tacrolimus has 8 quartets, 13 triplets, 16 doublets, and 7 singlets with the same composition as that observed in ascomycin, and evidence associated with the structure of the unknown impurity was obtained from the NMR spectra. In ascomycin, the vinyl group found in tacrolimus was replaced with an ethyl group with the molecular formula C43H69NO12. Tacrolimus and ascomycin were compared with the 13 C-NMR data, new peaks were observed at 11.58 ppm (q) and 25.90 ppm (t), whereas the peaks at 35.38 ppm (t), 115.96 ppm (t), and 136.15 ppm (s) were no longer present. This was attributed to the replacement of the tacrolimus vinyl group with the methyl group, found in ascomycin. In the analysis of the unknown impurity, we considered the fact that fresh ascomycin from the 11.58 ppm (q) and 25.90 ppm (t) data, which lacked tacrolimus, had no significant changes to the vinyl group. This suggested that the ascomycin that disappeared from the 35.38 ppm (t), 115.96 ppm (t), and 136.15 ppm (s) peaks still existed, since there was no change in the vinyl group. However, in the newly formed peaks at 16.37 ppm (q) and 39.71 ppm (d), and the 47.01 ppm (t) peak, ascomycin disappeared as the methylene group was substituted with a methyl group (Fig. 6) . The methylene group can be substituted with a methyl group at 11 positions, and in the methylene and methylcontaining derivative, the structure of the vinyl group in tacrolimus was complete, except for a triplet. The 16.37 ppm (q) and 39.71 ppm (d) peaks, however, were formed, whereas the new 47.01 ppm (t) peak was lost, with only 1 substitution, as shown in Table 1 , and the tacrolimus structure appeared with another methyl group. The structure of the ascomycin vinyl group was found to be the same as that of ascomycin, and the tacrolimus methyl group was newly formed. Therefore, the molecular formula of the unknown impurity was determined to be C 45 H 71 NO 12 , with a molecular weight of 818.
Chemical structure of the unknown tacrolimus impurity is presented in Fig. 7 .
Conclusion
The unknown impurity was identified as 18-methyltacrolimus. The structural differences were determined through a structural analysis of ascomycin and tacrolimus using 13 C-NMR assignments. Through LC-MS/MS analysis, the results of the molecular information were combined, and it was found that 18-methyltacrolimus has not yet been reported. The molecular formula of the unknown impurity was determined to be C 45 H 71 NO 12 , with a molecular weight of 818.
The spectrum data also showed that 18-methyltacrolimus, identified through LC-MS/MS analyses, can be used to determine the structural differences between tacrolimus and ascomycin. These differences were determined on the basis of the 13 C-NMR peak assignments by following the location of the methyl group identified by analysis of the chemical structure.
